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Abstract 
The article evaluates the possibility of using organic-mineral aggregate for strengthening sandy 
subsoil. As an organic component of the organic-mineral aggregate, glyoxal is used. To ensure 
uniform polymerization throughout the required thickness of the sandy subsoil a mineral component 
was admixed into the aggregate. The above component is saponite containing pulp waste produced in 
the industrial ore benefication tailing dump of the diamond deposit named after M.V. Lomonosov. It 
was found that glyoxal is a surface-active substance. The tailored content of glyoxal was identified by 
the OWRK method (Owens–Wendt–Rabel–Kaelble). In the paper the results of research on the 
strength properties of sandy subsoil modified by the organic-mineral aggregate are presented. It is 
shown that the tailored aggregate content allows increasing the specific cohesion of sandy subsoil by 
up to 50 times.  
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1 Introduction 
Nowadays the transport system development of any country is a prerequisite for the economic 
growth model implementation and for the improvement of the quality of life of the population, e.g. the 
Russian Federation is implementing the Federal purpose oriented program "Development of the 
transport system in Russia (2010-2020)". The purpose of the program is to develop a modern and 
efficient transport infrastructure [1].  
To achieve this goal it is necessary to ensure the reliability and durability of roads and their 
structural elements: subgrade, pavement, and other engineering structures. Subgrade serves as the 
basis for pavement therefore the durability and riding characteristics of the road depend on its strength 
and stability. 
 The Russian Federation is characterized by a variety of geotechnical conditions, e.g. the ones of 
the Arkhangelsk region are unfavorable for construction activities due to the prevailing water-bearing 
dispersive soils such as fine sand, sandy silt, loam soil, sludge and peat. Moreover, flat terrain and 
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high level of subsoil water are specific features of natural and climatic conditions of the Arkhangelsk 
region contributing to considerable water accumulation, deep seasonal frost penetration and intensive 
frost heave thus increasing water content and decreasing density of the subsoil while thawing out in 
spring. It reduces the bearing capacity of the whole road structure [2].  
To solve this problem various methods of subgrade strengthening are used. There are mechanical 
and chemical technologies. Currently, nanomaterials, which are added in the construction of roads, are 
widely used.  Due to the size, nanoparticles have more developed specific surface and, consequently, 
high reaction activity. Even a minimal content of nanoparticles affects such properties of subsoil as 
strength, permeability and resistance to various impacts [3]. Thus the research [4] investigated 
properties of sandy subsoil modified with highly dispersed aggregate consisting of fine sand and 
saponite-containing material and proved it to increase subsoil specific cohesion by up to 9 times. 
However, the production of nanodispersed material involves significant power consumption while 
grinding. Therefore, a method of subsoil stabilization using nanomaterials is not considered to be cost 
effective.  
According to the current hypothesis, glyoxal should be introduced into subsoil as an aggregate; its 
supplier is "Novokhim PRO" (Tomsk, RF).  
Glyoxal is a dialdehyde of ethane diacid. The chemical name is ethanedial. The molecular formula 
is C2H2О2. Figure 1 demonstrates the structural formula of the compound. Table 1 shows the specific 
characteristics of glyoxal. 
 
Figure 1: Structural formula of glyoxal 
 
Mass fraction of glyoxal 
Density of glyoxal solution (40%; 20оC), g/cm3 
Molecular mass (a.m.u.) 
Melting point, °C  
Boiling point, °C  
рН 
0.4 
1.20-1.35 
58.04 
15 
51 
2-3.5 
Table 1: Glyoxal properties 
 
The selection of glyoxal is due to its properties: it polymerizes quickly and easily even at low 
temperatures; soluble in water; its inclusion into polymeric materials provides moisture resistance and 
increases adhesion; under certain conditions, glyoxal forms a decorative and protective film on the 
surface of the modified materials. In addition, taking into consideration the glyoxal structure it could 
be assumed that the substance is a surface active surfactant. As after the source studies having been 
done no data on surface activity of glyoxal were revealed, one of the aims of the research is to specify 
the surface activity of the substance and compare it with that of sodium lignosulfonate which is widely 
used as an additive for composite materials. The maximum surface activity of sodium lignosulfonate is 
achieved at 10 g/l and 0.180 N∙m2/g [5]. Plants producing cellulose by sulfite pulping are the main 
suppliers of the lignosulphonate. Sulfite pulping prevailed since the late XIXth to the mid XXth 
century. At that time the method was the only one used to identify pulping wood grades, and the 
emission of the unprocessed boiled off cooking liquor in water heavily polluted the environment. 
Nowadays, sulfite cooking takes only a small segment of the pulp market and is gradually being 
superseded by other pulping methods, so the production of lignosulfonate is reducing. Thus, actually 
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there is an urgent need to develop a variety of surfactants to be used to form aggregates for composite 
materials and subsoil.  
While subsoil is consolidating, particle interaction increases and affects the energy balance of the 
whole system (free surface energy compensation). So, as the main criterion to assess the particle 
interaction and determine the makeup of the composite material, the Owens–Wendt–Rabel–Kaelble 
method (method OWRK), successfully validated in studies, was used [6-8]. 
Previous experiments showed the use of pure glyoxal for strengthening sandy subsoil to be 
impractical. While polymerizing, a water based solution of glyoxal moves up through the capillaries of 
sandy subsoil, then water evaporates, and a polymer film forms on the surface of the ground. In this 
case the sand’s properties in bulk phase remain unchanged. To ensure a uniform polymerization it is 
required to inject a sorbent agent keeping water inside the sand. A saponite containing pulp waste 
produced in the industrial ore beneficiation tailing dump of the diamond deposit named after M.V. 
Lomonosov was offered as a cheap handy green sorbent, its main rock forming minerals are saponite 
(63%), quartz (10%), dolomite (10%), and other minerals (17%) such as chlorite, hematite, calcite, 
apatite, etc. The quantity of saponite containing waste as a sorbent aggregate was determined on the 
basis of its specific water absorption data proved in previous research [9] and it is 17% of sand total 
volume, the saponite containing waste particle dimension to achieve maximum water saturation is less 
than 600 nm. Despite the fact that obtaining this fraction requires additional power, and hence also the 
material costs associated with grinding, but only in this case the water sorption process is optimized. 
The aim of the studies presented in this paper was to evaluate the possibility of using the 
composite based on glyoxal and saponite-containing waste as organic mineral aggregates for 
strengthening sandy subsoil. 
2 Method 
As source materials, water based solution of glyoxal (40%) and saponite containing waste were 
chosen. 
By diluting the glyoxal solution (40%), aqueous solutions of various concentrations were 
prepared. Surface activity of glyoxal solutions was specified by measuring the surface tension by the 
"pendant drop" method using the KRUSS Easy Drop installation and by plotting the surface tension 
readings versus the glyoxal concentration ones (surface tension isotherm). After having plotted the 
surface tension isotherm of glyoxal water based solutions, )(Cf V , and having differentiated the 
mathematical expression with respect to the concentration data, an equation to calculate Cww /V  for 
various concentration readings of the solution was derived. 
Saponite containing waste was pre-dried to constant weight under the temperature of 105±5°C. 
Then, in the planetary ball mill Retsch PM100 a sample of saponite containing material was ground 
through the dry mechanical dispersal method. The particle size of the saponite containing material was 
measured with the Delsa Nano Series Zeta Potential and Submicron Particle Size Analyzers through 
the method of photon correlation spectroscopy.  
As a model specimen of sandy subsoil, polymict fluviatile sand from the Krasnoflotsky-Zapad 
deposits (Arkhangelsk, RF) located in the delta of the Northern Dvina was taken. The sand was pre-
washed to exclude clay impurities and dried up to constant weight under the temperature 105±5°C. 
The amount of glyoxal as an aggregate to strengthen the subsoil was determined by the method of 
Owens–Wendt–Rabel–Kaelble (method OWRK).  
First, water based solutions of various concentrations were prepared by diluting the glyoxal 
solution (40%). The densities of the solutions were quantified by the pycnometer tests. 
Then, glyoxal solutions were mixed with sand. It is common practice to use compaction rollers for 
unifying and smoothing out soil layers of a sandy road bed while constructing a road. On the basis of 
this technology, the resulting mixture of sandy soil and glyoxal was unified by the hydraulic press 
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PLG-20, with the operating force of 40 kN. The diameter of the samples was 30 mm, and its thickness 
was 14 mm. Next, the samples were dried up to constant weight under the temperature 40ºC. 
The angle of impact to calculate the glyoxal sandy subsoil surface tension was determined by 
wetting the samples by liquids with the polar and dispersing components in the KRUSS Easy Drop 
installation.  
After the series of experiments including the three repeat measurements, a linear regression was 
plotted (1) and coefficients of polarization and dispersion components of surface tension as well as the 
total surface tension of the material (2) were calculated: 
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where LV  is a surface tension of the operating liquids; 
D
LV  is a dispersing component of the operating liquid’s surface tension; 
P
LV  is a polar component of the operating liquid’s surface tension; 
D
SV  is a dispersing component of the studied material’s surface tension;  
P
SV  is a polar component of the studied material’s surface tension; 
T  is an angle of impact of the investigated material’s wetting. 
 
The parameters of the operating liquids are given in Table 2. 
 
Operating liquid LV , mN/m PLV , mN/m DLV , mN/m 
water 72.8 51.0 21.8 
ethylene glycol 48.8 16.0 32.8 
decane 23.8 0 23.8 
glycyl alcohol 63.4 26.4 37.0 
ethanol 21.4 2.6 18.8 
Table 2: The parameters of the operating liquids 
 
There were two phases of organic-mineral aggregate infusion into the sandy subsoil. First, milled 
saponite containing material was mixed with soil. Then, a water based glyoxal solution was added to 
the resulting mixture, and the components were thoroughly stirred.  
To study strength characteristics of the sandy soil with organic-mineral aggregate a single shear 
method and a smart testing system Shear Trac-II were used. 
 
3 Results 
The isotherm of water based glyoxal solution surface tension at t=25±1 ºC is given in the Figure 
2. While increasing the concentration of the agent, the surface tension of water based glyoxal solutions 
decreases. Therefore, glyoxal is a surface active substance (surfactant). 
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The polynomial approximation of the resulting correlation demonstrated that a third degree 
polynomial (Equation 3) provides the best fit with a coefficient of R≈1. 
634.71047.0
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0001.0
37
102  СССV ,                        (3) 
 
Figure 2: Glyoxal solution surface tension 
 
Equation (3) differentiating made it possible to work out the correlation between the glyoxal 
surface activity and its concentration, its graph is showed in Figure 3. 
 
Figure 3: Glyoxal surface activity and concentration correlation 
 
The polynomial approximation of the resulting correlation demonstrated that a second degree 
polynomial (Equation 4) provides the best fit with a coefficient of R=1.  
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The resulting function (4) makes it possible to calculate the surface activity of glyoxal water 
based solutions of various glyoxal concentrations, e.g. when the concentration is 10 g/l the glyoxal 
surface activity is 0.045 N∙m2/g, and when the concentration is 100 g/l it is 0.033 N∙m2/g. 
Consequently, solutions with minimum glyoxal concentration possess the highest reactivity. 
To produce a saponite containing material with preset dimensional characteristics and achieve 
steadily reproducible results the grinding parameters given in Table 3 were specified.  
 
Grinding bowl Number of grinding balls, 
ball diameter 
Sample 
volume 
Rotation 
speed, rev/min 
Milling time, 
min. 
500 ml 
(stainless steel) 
23 PCs., 20 mm 150 g 420 120 
Table 3: Tailored saponite containing waste grinding parameters (planetary ball mill) 
 
The average particle size of the saponite containing waste was 307±83 nm.  
The glyoxal percentage with respect to the sand total amount, water based glyoxal solutions 
density values, and the resulting surface tension readings of “sand-glyoxal” composite materials are 
given in Table 4. The correlation of the surface tension polar and dispersive components and the 
glyoxal concentration values is shown in Figure 4. 
 
Water based 
glyoxal solution 
concentration, С, 
% 
Glyoxal mass 
content, N, % sand 
total amount 
Water based glyoxal 
solution density,  
ρ, g/cm3 
"sand-glyoxal" composite 
surface tension, 
σS∙103, N/m 
1 0.10 1.020 3.43 
2 0.21 1.030 3.50 
5 0.52 1.055 3.82 
10 1.06 1.070 3.79 
20 2.29 1.170 3.80 
Table 4: “Sand- glyoxal” composite material surface tension 
 
 
Figure 4: Polar
P
SV  (1) and dispersive DSV  (2) surface tension and glyoxal concentration correlation 
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The optimum amount of glyoxal was 0.52% of sand total amount. A further increase in the content 
of aggregate had no effect on the surface activity as measured by the surface tension of the material. 
The strength properties of the sandy subsoil are shown in Table 5. Figure 5 demonstrates the 
functional shear / normal stress relationship reflecting the test results of sandy subsoil samples with 
the use of the direct shear method. 
 
Samples Drained angle of 
internal friction φ, 
deg.  
Specific cohesion  
с∙10-3, PA  
Sand without aggregate 28.3 2.5 
Sand with glyoxal 29.9 3.8 
Sand with saponite containing waste 28.3 98.8 
Sand with organic-mineral aggregate 18.0 125 
Table 5: Sandy subsoil strength properties 
 
 
Figure 5: Ultimate shear resistance: 1 – without organic-mineral aggregate; 2 - with saponite containing waste; 3 
– with organic-mineral aggregate (tailored composition) 
 
The results proved according to the basic equation describing the data of the following 
dependency: 
                                                       ck  VW ,                                            (5) 
where W  is shear stress, Pa; V  is normal stress, Pa; c is specific cohesion of the subsoil, Pa; and 
)tan(M k  (M  - drained angle of internal friction, deg.), subsoil specific cohesion increases 
significantly after organic-mineral aggregate has been introduced. So, the equation (5) for the analyzed 
samples is: 
1 - without organic-mineral aggregate 5,254,0  VW ; 
2 - with saponite containing waste 8,9854,0  VW ; 
3 - with organic-mineral aggregate 12533,0  VW . 
The test results show that after the introduction to sandy subsoil of organic-mineral aggregate with 
glyoxal and saponite containing waste, the specific cohesion increases by up to 50 times. 
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4 Discussion 
1. Glyoxal is found to be a surface-active substance. A mathematical function has been stated to 
calculate the surface activity of glyoxal water based solutions at various concentrations, e.g. when 
glyoxal concentration is 10 g/l, the surface activity is 0.045 N∙m2/g.  
2. The theoretical possibility of improving sandy subsoil properties modified with the organic-
mineral aggregate produced on the basis of glyoxal and saponite containing waste is stated, its tailored 
composition is as following: glyoxal – 0.52 % and saponite containing waste – 17 % of the sand’s total 
amount. The modification of sandy subsoil with the organic-mineral aggregate increases its specific 
cohesion by up to 50 times. 
3. The use of  large-tonnage waste for creating organic-mineral aggregate provides significant 
economic benefits and will reduce the anthropogenic load on the environment. 
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